Average Traffic Speed:

Make this adjustment if the average speed
differs from 55 mph. If the average truck
speed differs with direction, treat the uphill
and downhill traffic separately, Select the
appropriate adjustment factors from Table 7
below, entering them in column 18 of Work-

sheet C.
Table 7
WTM Heawvy Truck
PH Factor
50 or less 0.81
55 1.00
B0 117
65 138
Once you have found the spead adjust-

ment factor, you can combine the uphill and
downhill traffic. For uphill traffic, multiply the
gradient factor times the speed adjustment
factor times uphill traffic volume (truck ADT
column 18) (assuming one half the total 24-
hour average number of trucks unless
specific information to the contrary exists),
entering the product in column 20. Multiply
the speed adjustment factor lor downhill
traffic times the downhill traffic volume (truck
ADT/2 column 19). Add the values for uphill
and downhill traffic, entering this sum in
column 21, You may now complete the
assessment of heavy truck noise without
regard to uphill and downhill traffic
separation.

Stop-and-Go Traffic:

H there is a stop sign (remember, not a traffic
signal) within 600 feet of an NAL for the site

on the road being assessed, find the adjust-
ment factor determined according to Table 8.
Enter it in Column 22 of Worksheet C.

Tabie 8

Heavy Truck Heavy Truck
Traffic Volume Stop-and-Go
per Day Adjustment Factor
Less than 1200 1.8

1201 to 2400 2.0

2401 to 4800 23

4801 10 9600 28

2601 to 19,200 3.8

More than 19200 4.5
Nighttime Adjustrent

After all the above adjustments are made, do
not forget to adjust for nighttime operations if
they are not 15 percent of the total ADT,
using the factors obtained from Table 5 just
as for automobiles. Enter this value in column
23 of Workshest C.

At this point, multiply the adjustment fac-
tors for nighttime and stop-and-go traffic
times the heavy truck traffic volume in
column 21 to find the adjusted heavy truck
ADT, entering the product in column 24. Usa
this value and the effective distance from the
MAL to the road to find the truck DNL from
Waorkchart 2, entering your answer in column
25 of Worksheet C. If no shielding barriers
are to be considered, combine the DNL from
heavy trucks with the DML from automobiles
{column 14). The result is the DNL from the
road being assessed and should be enterad
on Worksheet C.

But;

if a shielding barrier is to be considered for
the site, make the analysis described below
separately for avtomobiles and then for
heavy trucks before combining the DNL
values. This step is necessary since barriers
are far more affective for automobiles than
for heavy trucks. Once you have found the
amount of attenuation provided by the barrier
for automobiles, enter it in column 15. Find
the value of barrier attenuation for heavy

trucks and enter it in column 25. Subiract
these attenuation values from the DNL
values oblained previgusly (columns 14
and 24). entering the reduced DNL values
in columns 16 and 27. Combine the
automobile and heavy truck DML values,
reduced by the attenuation provided by the
barrier, to find the final DNL produced by the
roadway at the site.
Remember to combine the contributions to
DINL of all roads that affect the noise environ-
ment at each NAL for the site to obtain the
total DML from all roadways. Enter this DNL
on both Worksheet C and the summary
Workshest A

Atlmulﬂmqmulubyﬂm

Noise barriers are useful for shielding sensi-
tive locations from ground level noise
sources. For example, a barrier may be the
bestway to deal with housing sites at which
the noise exposure is not acceptable be-
cause ol nearby roadway traffic.

A barrier may be formed by the road pro-
file, by a solid wall or embankment, by a
continuous row of noise-compatible buildings,
or by the terrain itseff. To be an effective
shigld, however, the barmier must block all
residential levels from line of sight to the
road; it must not have any gaps that would
allow noise to leak through.

Some Preliminary Matters:

In evaluating noise barrier pefformance, you
will be working with different kinds of “dis-
tances" between the sound source, the
observer, and the barrier.

Actual Distance - the axisting distance
that would be measured using a tape mea-
sure with no comections or adjustments. This
may mean one of two things, depending on
the application; either the:

* siant distance — the actual distance,

Example 11: Road No. 2 has a stop sign at
390 feet from NAL No. 2. There is also a road
gradient of 4 percenl. No heavy trucks are
allowed on this road, but a schedule shows
an average of 12 large buses pass along the
road per hour between ¥ am, and 10 p.m.,
although no busaes are scheduled during the
remaining nighttime penod. The buses are
equally divided in each direction along the
road. (Remember lange buses, those that
carry over 15 seated passengers, count as
heavy trucks.)

We find the ADT for the "heavy trucks™ (the
buses in this case) by multiplying the average
number of vehicles per hour by the number of
hours between 7a.m. and 10 p.m. Thatis, 12
x 15 = 180, or 90 vehicles in each direction.
We find from Table 6 that the gradient adjust-

ment factor for uphill traffic is 2.0. We find the

truck volume adjusted for gradient is
uphill: 50x2.0= 180
downhill: = Q90
tofal (colurnn 21) = 270 vehicles

From Tabie 8, we find the adjustment factor
for stop-and-go traffic to be 1.8

We also remember that we have no buses
in the nighttime pericd and find the factor in
Table 5 on page 8 for zero nighttime opera-
tions o be 0.43.

Our final adjusted ADT is (column 24)

1.8 x 0.43 x 270 = 209 Vehiclas

From Workchart 2, with an effective distance
of 174 feet, we find a DNL of 59 dB.

57

Exampile 12a: Road No. 3 is a depressed
highway and the profile shields all residential
levels of the housing from line of sight to the
traffic. The average truck speed is 50 mph.
The ADT for heavy trucks is 4400 vehicles.
We adjust lor average speed (from Table 7)

4400 x 0.87 = 3564

and find from Workchart 2 that, with an effec-
tive distance of 270 fest, the DNL from truck
noise would be 69 dB if no barrier existed.
We proceed to analyze the barrier
attenuation,



measured along the line of sight betwean two
points; or the
» map disfance — the actual distance,
measured on a horizontal plane, betwesan the
two points, as on & map or on the project plan.
For an observer high in an apartment
tower, the slant distance to the road may be
much longer than the map distance.
Barrier effectiveness is expressed in temms
of noise attenuation in decibels (dB), deter-
mined with the aid of Workchart 6, This
numerical value is subtracted from the
previously calculated DNL in order to find the
resultant DNL at the Noise Assessment
Location.
Mote: A noise barrier can be considered as
a means of protecting a site from noise even
if it cannot wrap around the site io shield
from view practically all of the source of noise
al evary sensitive location on the site. § must
be recognized, however, that such a barrier
is much less effective than an ideal barrier,
(See Workchart 7 and Step & balow.)
Barriers of reasonable height cannot be
expected to protect housing more than a few
slories above ground level. Barriers will
generally protect the ground and the first two
or three floors, but not the higher fioors. if
there are to be frequently occupied balconies
on the upper levels, one solution is to move
tha building farther from tha noise source and
face the sensitive areas away from the noise.

Steps to Evaluate a Barrier

1. For the cbserver's position, use the mid-
height of the highest residential level. For the
source position, use the following heights
{see Figure 7):

& autos, medium trucks, rallway cars - the
road or railway surface height

* heavy trucks - B feet above the road
surface

* diesel locomotives or trains using homs or
whistles at grade crossings - 15 feet above
the rails.

Figure 7

Source Heights to Be
Used in Rosdway Barrier Designs
Source Trucks
d Barner

Road

Autos

Source Barrier

Road

Get accurate values for the following

guantities: h, the shortest distance from the
barrier top to the line of sight from source 1o
observer; A and D, the slant distances along
the line of sight from the barrier to the source

and observer, respeclively (see Figure 8).

LIWE-OF - SIgHT FiROM
OBSERVER TO SOURCE

R+D IS THE BSLANT [RSTANCE
FROM JOURCE TO OBSERVER

SoURCE
BARMER

Specifically, R and D are the two segments
into which h breaks the line of sight. Note that
h is not the height of the barrier above the
ground but the distance from the barrier top
to the line of sight.

2. Enter at the top of Workchart 6 with the
value of h on the lefi-hand scale; move right

to intersect the curve cormesponding to R (or
D, whichever is smaller).

3. Move down to intersect the curve corre-

sponding to the value of D/A {or R/D, which-
ever is smaller).

4. Move right to intersect the vertical scala in
order to find the barrier shielding value A in
dacibels,

5. Interruption of the line of sight with a barmier
between the noise source and an observer
reduces the amount of sound attenuation
provided by the ground. Find the amount of
this loss B from the table on Workehart 6 by
antering the table with the value of D/R. Find
the barrier attenuation value S correspond-
ing to an ideal barrier that completely hides
the noise source from view by subtracting B
from the value of A obtained in Step 4.

6. If the barrier exists along only a part of the
road so that unshielded sections of the road
would be visible from the site, the barrier is
less effective than an ideal barrier. On a plan
view of the site, locate the two ends of the
bamier and draw lines from these points to
the Noise Assessment Location. Use a pro-
tractor 1o measure the angle formed al the
NAL by the two lines. Enter the horizontal
scale of Workchart 7 with the values of this
angle; read up to the curve having the valua
of S determined from Step 5 (interpolating if
necessary); read left across o the vertical
scale labeled "actual barrier performance fo
find the value of FS to use for the actual
barrier in question.

7. Subtract the barrier attenuation value S {or
F§ if adjusted for finite barrier length accord-
ing to Workchart 7) from the value of DNL
previously determined to reevaluate the site
with the noise barrier in place.
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Example 12b: (Refer to Figure 8.) Six stories
are planned for the housing where the site
has an elevation of 130 fest. The effective
elevation for the highest story is found by
multiplying the number of stories by 10 feset,
adding the site elevation, and subtracting 5
feel.

(6% 10) + 130~ 5= 185 foet

The barrier, which in this case is formed by
the road profile has no "height” other than
the elevation of the natural terrain above the
noise sources traveling on the roadway. The
important dimensions are indicated in
Figure 8.

Some people with a technical background
will be able tofit the geometric diagram to the
site situation readily, working from the project
drawings and a scratch sheel.

But if you are not confident of your geom-
etry, Workchart 5 gets you the valuesof R, D,
and h from the map distances and elevalions
ofthe site. We illustrate thal procedure in this
example.

First, enter the elevations of the source (S),
the observer (0], and the top of the barrier (H),
as well as the map distances from the barrier
tothe source (R') and chsarver (D), at the top
right of Workchart 5. Then, follow the steps
on that Workchart to derive the values of b, R,
and D that are needed in using Workchart 6.

Entering Workchart & at the upper left with
the value of h (5.5 feet), we move horizontally
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1o the right until we meel the value of Ror D,
whichever is smalier: in this exampie, R = 62
feet. From that point we drop vertically down-
ward until we meet the value of R/D or D/R,
whichever is smaller: in this casse, R/D =
0.29. From thal point, move horizontally 1o

the right 1o find the value for A = 9 dB. Enter-

ing the table for determining loss of ground
atenuation effect due to the barmer with a
valua lor D/R of 3.5, the reduction in
attenuation (B) is found to be 3 dB.
Substracting 3 dB from 8 dB provides a net

attenuation of 6 dB. With & dB of attenuation,

the original ONL of 69 dB (Example 12a) Is
reduced to 63 dB,

Example 13: Analternative approach, which
is somawhat more dinect, is illustrated here
for tha noise of automobiles on Road No, 3.

A preliminary step is to make an accurately
scaled skeich of the general geometry
introduced on page B it must include the
positions ol the source (Ihis time at the road
surtace), the observer, and the top of the
barrier; and will show the distances h, A, and
0. Such a sketch is shown superimposed on
ihe profile of the road and its neighborhood
in Figure 12

If we carefully scale the dimensions
diractly from this sketch, we find the following
values for b, R, and D:

R=63 feet

RID=0.3
D=214 leat
h=11 foat

The barrier attenuation is found, by anter-
ing Workchart 6 with these values, 1o be
A=12 dB. it Is larger than that found
for trucks because the nolse source is lower
and Is, therelore, batter shislded by the
barrier. The loss from ground attenuation is
again B=3dB for a net attenuationof 12-3 =
9 dB. In Example 8b, we found that the DNL

11
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for tha projected traffic volume of 100,000
vehiclas par day was 69 dB if no considera-
tion was given the shielding provided by the
terrain. Subtracting the 9 dB attenvuation from
69, we find the partial DNL for automobiles is
60dB.

In order 10 find the combined truck and
automobile notse for Road No_ 3, we com-
bine the 63 dB of truck noise with the 60 dB of
automobiie notse using Table 1. We find that
1.8 should be added to 63 dB, for a combined
DNL of 64 8 dB, or 65 dB when rounded to
the nearest whole number,
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Example 14: Where no natural barrier exists,
Workchart & can be used in reverse 1o esti-
mate the haight of a barrier needed 1o obtain
a required attenuation. In example 9 we
lound that, without any attenuation from ter-
rain or a barmer, the automobile traffic pro-
duced a DNL of 69 dB, and in Example 12a
the heavy truck traffic produced a DNL of 69
dB. When combined, the total DNL is 72 dB.
Suppose the terrain were not rising between
NAL and Road No. 3, as shown in Figura 12,
but instead was level betwaean the NAL and
the edge of the road, as shown in Figure 13,
We want to find out how highawall, infinite in
length, would be required at the edge of the
road o reduce the combined truck and auto-
mobile noise to less than 65 dB. We have
found in the previous examples that a barrier

of a given hesght will provide more attenua-
tion for automobdies than it will for trucks. Asa
first step in our analysis, we will find the
height of & wall that will reduce the truck
noise 1o just below 65 dB, say 64 dB. and then
fing oul whether the addifional atterusation it
prowdes lor automobile noise will be suffi-
gient 10 réduce the combened truck and
automobile noise (o kess than 65 dB. We
begin by finding the height of wall that wil
provide 5 dB attenuation for truck noise.

W estimate thal the ratio of R/D is about
the same as R'/D', the ratio of horizontal
distance in Figure 13, which is equal to 0.29.
Betore entering Workchart 6, we find from the
loss of ground anenuation table that for D/A
= 3 4 we will lose 3 dB attenuation from an
ideal bammier. In order 1o have a net attenua-



Figure 13.
Skelch Showing Dimensions tor Example 14
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fion of 5 dB, we must have an ideal barmer
that provides 5 + 3 = 8 dB attenuation.

Entering Workchart 6 on the right side
scale A at B decibels, we move across to the
diagonal lines, finding 0.29 by inlerpolating
batween the lines marked at 0.2 and 0.5,
Mowving direcily up 1o a poini midway between
the R lines of 50 and 70, we find our asii-
mated R of approximately 60 Moving across
10 the left we find that the line ol sight
batween the observer and the truck source
heighl must be broken by a value of h equal
10 4.5 teel

We can determine the height of the wall H
in several ways. By drawing h=4.5 leet to
scale on Figure 13, we can scale the lotal wall
height H 1o be approximately 20 feet. Those
who feel comfortable with geomelry can

calculale H by using the similar irangle rela-
tionships in Figure 13 1o determine that H is
19.1 feal.

Now we mus! find how much a wall 19 feat
high will attenuate automobile noise,
remembering that the source height for
autormobiles is al the road surface elevabion
of 125 leet. By scaling the drawing, or by
geometry, we determine thal the line of sight
between the observer posibon and the auto-
mobile source 5 broken by a value of h that is
approximately 13 feel. Entering Workchan
6 at 13 leet we find, lor R=60 feet and
R/D=0.29, that the potential barrier attenu-
ation is 12dB. We must reduce this by 3 dB
for loss of ground attenuation to find the
actual shielding of aulomobile noise o be 9

61

dB. The onginal 69 dB of automobile nose is
reduced o 69 - 9 = 60 dB

Finally, we combine the heavy truck noise,
attenuated by the wall to 69 - § = 64 dB, with
the automobile noise reduced to 80 dB, to
find a combined DML of 855 dB, or 68 dB
whaen rounded upward. Remember, how-
ever, that this is for an intinite wall. Further
adjustments would have io be made once the
actual length was knowrn.

13



Rallways

MNecessary Information

To evaluate a site's exposurs 1o railway
noisa, you will need lo consider all rapid
transit ines and railroads within 3000 feet of
the site (except totally covered subways).
The information requirad for this evaluation is
listed below under headings that indicate the
most likely source.

Bafore beginning the evaluation, you
should record the following information on
Worksheet D

From the area map and/or the {County)
Enginear:

# The distance from the approprate NAL on
the site to the center of the railway track
carying most of the traffic.

From the Supervisor of Customer Relations
for the railway:

& The number ol diesel rains and the
number of electified trains in both directions
during an average 24-hour day.

* The fraction of trains that operate during
nighttime {10 p.m. - 7 a.m.) if this is unknown,
assume 0.15,

& The average number of diesel locomotives
per train, If this is unknown, assume 2.

® The average number of railway cars per
diesel train and per electrified train. If this is
unknown, assume 50 for diesel trains and B
for slectrified trains.

* The average train speed. If this is un-
known, assuma 30 mph.

& |5 the track made from weided or bolted
rails?

From the Engineering Department of the
raflway:

& |5 the site near a grade crossing that re-
quires prolonged use of the train's hom or
whistie? if so, where are the whistle posts
located? (Whistle posts are signposts which

tell the engineer 10 stan biowing the hom or
whistle. Every grade crossing has whistie
posts and they are isted on the railroad’s
“track charts.” If traffic on the track is one-
way, there will be only one whistie post. The
grade crossing itsell is the other “whistie
Electrified rapid transit and commuter trains
that do not use diesel engines should be
treated the same as railway cars.

Note: Bulldings closer than 100fest loa
raliroad track are ofien subject 1o excessive
vibration transmitted through the ground.
Construction at such sites is discouraged.

Evaiuation of Site Exposure o
Railway Noise

Railway noise is produced by the combina-
tion of desel engine noise and railway car
noise. These Guidelines provide for the
saparate evaluahion of diesel locomoltives
and rallroad cars, and then the combination
of the two, in order to oblain the DNL from
trains. When rapid transit or electrified trains
that do not use diesel engines are the only
Iraing passing near a site go directly o the
sacond pan of the evaluation since these
trains are trealed in the same manner as
railway cars,

Diesel Locomotives

Workchar 3 was derved with the following
assumplions:

* A clear line of sight exists between the
railway track and the Noise Assessment
Location

& There are two diesel locomotives per train,
* The average train speed is 30 mph.

* Nighttime operations are 0 15 of the 24-
hour total.

* The site is not near a grade crossing re-

quiring prolonged use of the train's hom or
whistle

HHMMMW

proceed 1o Workchart 3 for an immediaie
evaluabon of diesel locomotive noise

But:
dehmummm

necessary adjustments listed below and then
use Workchart 3 for the evaluation,

Figure 14,
Use of Workchart 3 to Evaluate Diesel
Locomotive Noise

Raliroads - Diesel Locomotives
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Adjustments for Diesel Locomotives
Number ol Locomotives:

If the average number of diesel locomotives
per train is not 2, divide the average number
by 2. Enter this value in column 9 of Work-

sheet D

Example 15a: The distance from NAL num-
ber 1 to Raliway Number 1 is 339 feet. Two
percent of the 35 daily operations occur at
night; there is clear line of sight between the
tracks and the NAL, and no homs or whisties
are used. No information is available on train
size of spaed, theretore we will assume 2
engines per train and a speed of 30 mph
Since tha percentage ol nighttime opera-
tions is different from 15 percent, we must
adjust the actual number of daily operations,
multiplying by 0.50 according lo Table 5.

050x35=175=18

Entering Warkchan 3 with 18 daily opera-
tions and a distance of 339 feet, we find that

14

the contribution of diesel engine noise is &
DNL of 59 dB (see Figure 14),

In order to find the total contribution of the
traing 1o the total DNL, we must also find the
noise level produced by the train's cars.
Entering Workchart 4 (see Figure 15) with 18
daily operations and a distance of 339 feet,
we find the DML is below 50 on the chart, or
maoie than 10 decibals lower than the noise
ievel produced by the engines. Based on the
chart for decibel addition, the combination of
the noise from the engines and the cars
adds less than 0.5 decibals to the DNL value
for the engines alone, 59 dB.

Example 15b: Suppose that a forecast of
train opemmtions for Railway 1 indicates
that thase will still be 35 trains per day, but
now 50 percent of the operations will occur at
night, the average train will have 4 engines
and 75 cars, and the average speed will be
50 mph.

We first find the contribution to DNL made
by diesal locomatives by using the loliowing
adjustment factors:

* number ol engines adjustment: 2
* speed adjustmant: 0.60
s day/night adjustment: 2.34

We multiply these adjustments logether
with the number of trains;
2X060X2.34X35=98

Entering Workchan 3 (see Figure 14) with
88 dally operations and a dislance of 333



Average Train Speed:
it the average train speed is different from 30
mgph, find the appropriate factor

adjustmant
from Table 9 and list in column 10 of Work-
sheel D.

Table 9

Spesd
Average Spooed Adjustmant
{mph) Factor
10 3,00
20 1.50
30 1.00
40 075
50 0.60
60 050
TO 043

grade crossing, enter the number 10 in
column 11, Worksheet D.

Nighttime Adjustment:

Remember to adjust for nightime operations,
it different from 015 of the total, by selecting
tha appropriate adjustment lactor from Table
5 on page 8. Enter in column 12,
Worksheat D.

Muftiply the adjustrment factors together,
times the number of diesel trains per day (you

have lisied this numbser previously onling 2a,

page 1, ol Worksheet D, and should enter
this number again in column 13) 1o obtain the
adjusted number of trains per day. Enter the
adjusted number of digsed trains per day in
column 14. Use this value, in conjunction with
the distance from the MAL 1o the track {line 1,
page 1, of Workshaeet D). to find from Work-
chart 3 the DNL produced by diesel iocomo-
tives. List in column 15 of Worksheet D.

Railway Cars and Rapid Transit Systems
Workchan 4 was derived with the following
assumptlions:

* A claar ine of sight exists between the
railway and the NAL.

® There are 50 cars per train.

* The average train speed is 30 mph.

* Nighttime operations are 0.15 of the 24-
hour total,

* Rails are welded together,

If thi situation meats these conditions,
proceed 1o Workchar 4 for an immediale
evaluation of rallway car noise. Again, if any
of the conditions is differant, make the neces-
sary adjustments listed below and then use
Workchart 4 for the evaluation.

IE -

Adjustments for Railway Cars and
Transh Trains -

Number of Cars:

Divide the average number of cars by 50 and
entar this number in column 18 of
Workchan D.

Average Speed:

Make this adjustment, i the average speed is
not 30 mph, by selecting the appropriate
value from Table 10, entering i in column 19
of Worksheel D,

Tabie 10
Spead
Avorage Speed Adpstrent
imph) Facior
10 on
20 044
a0 1.00
40 1.78
50 278
60 4,00
70 5.44
Bo AL
80 5.00
100 1111
Bolted Rails:

Enter the numbser 4 in column 20 of Work-
sheel D.

Nighttime Adjustment:

Enter the appropriate tactor from
Table 5 in column 21 of Worksheet D.

feetl, we find that the site has an engine noise
contribution to DNL of 66 dB.
We next obtain the adjustment factors for
the noise produced by the cars:
& number of cars adjustment: 1.50
+* spoed adjustment: 2.78
* day/night adjustment: 2.34
Multiplying the adjustment factors times
the average daily number of trains:
1.5X2.78 X2.34 X35 =342

Entering Workchart 4 (see Figure 15) with
342 operations and a distance of 338 feet, we
find the contribution of the cars to the DNL is
60dB. Using Table 1 for combining levels, we
find that the 6 dB difference between engine
noise at 66 and car nolse at 60 gives a com-
bined DNL of 67 dB for thesa trains.

Example 16: The distance from NAL number
2 o Railroad Number 2 is 550 feat; there are
100 operations per day, of which 30 percent
occur at night. A clear line of sight exists
between the sile and the railroad, and no
homs or whistles are used neartry. An
average train on this rack uses 4 engines,
has 100 cars, the average speed is 40 miles
per hour, and the track has bolted. not
welded, rails

Wae first find the adjustment factors for the
diesel engines:
& number of engines adjustment: 2
= speed adjusiment: 0.75
= day/night adjustment: 1.57

2X0.T5X1.57 X100 =

Entering Workchart 3 (see Figure 14) with
236 operations al a distance of 550 feet, we
find the DNL contribution from engine noise
o be 67 dB.
MNext we find the adjustmant taciors for the
railroad cars:
* number of cars adpusiment: 2
* speed adustment: 1.78
* bolted track adjustment: 4
» day/night adjustment: 1.57
Muttiplying the adjustments together,
times the number of trains:

2X1.78 X4 X1.57 X100 = 2236
Entering Workchart 4 (see Figure 15) with

{Continued next page) 15
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RAILWAY NO.2-a

Figure 17,
Use of Workchart &in Example 16

[:i NOISE BARRIER WORKCHART &

18.
Use of Workchart 7 in Example 16
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AL E ; g wl— »
ROAD NO.2~ TI: + = T - 8 |
b e 12 T oga
ROAD NO. 3-» H R : 3 -
LEmS htlul @ .3 -4 - 4
3w io -l s = /I
HE e A
. G L
20’ ; 47
rﬁﬂ I N i // 4
130 160 2
SITE TRACK —
ELEVATION ELEVATION .
20 40 &0 80 100 120 140 140 180 100
ANGLE, o, SUBTEMNDED BY BARRIER AT
CRSERVER'S LOCATION
2236 operations atadistance o 550 feet, we  not lend itsel to direct scaling of the We can now use these numbers o enter
find the DNL contribution from the railroad distances. | Workchari & to find the potential barrier per-

cars o be 65 dB. Combining the engine
sound levels with the car sound levels we find
the total DNL from the trains to be 69 dB.

It would be possible to erect a 20-loot noise
barrier, running parallel to the track al a dis-
tance of 50 feet; il could start at Road Num-
ber 2 and run 900 feet north loward the air-
port, as shown in Figure 16. Both the railroad
track and the ground level at the barmer loca-
tion &re at an elevation of 160 leel. Thus, we
have the foliowing values with which 1o calcu-
late the potential reduction in enging noise
{using Workchart 5). (Because the distances
involved are so unequal, this situation does

16

H = 180 feet (20" above the ground)

S = 175 feel (15 above the frack, see
page 15)

0 = 285 feel (from Example 11 in the section
on roadway noisa)

R = 50 feet
D" = 500 feat

Wae find from Worksheel 5 thal the values
of A and D are no diferent (within the accu-
racy of the calculation) rom R’ and D', &
sHuation that will always occur when the
differences in elevation are 50 much smaller

than the distances from the site to the noise
source. Thevalueolhis 4 feet; R/D =01

64

lormance (that is, the barrier adjustment
factor that would apply in the case of an in-
linitely long barrier). Entering Workchart 8 al
h = 4 feat, with R/D = 0.1, we lind the basic
attenuation of the bamer to be 7 5dB. How-
ever, with D/R = 10, we find from the table of
loss-of-ground-effect altienuation that we
must sublract 4 dB from the 7.5, or a nal
effect of 3.5 dB. However, the situation is
even worsa, since the barrier is finite in

To find the actual attenuation for this finife
barrier, we must first find the angle sub-
tended by the bamer to the NAL Relarring
o Figure 16, we draw lines from the
NAL sach end of the barmer. With
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a protracior we measure the angle batween
the twa lines 1o be 77 degrees, Locate the
curve on Workchart 7 corresponding 1o the
potential barrier attenuation of 3.5 dB; it lies
midway between the two lowest curves (see
Figure 18). The paint on this curve corme-

would be only 1.5 dB. With only 1.5dB of
ationuation, the barier is clearty nol cost-
effective. In order to achieve a usable
altenuation from the barrier, it would have o
be extended beyond the other side of Road

Number 2 1o obtain a larger sublended angle.

This extension, however, would still not be
cost-effective uniess the height ol the barrie-
were increased substantially.
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Summary of Adjustment Factors

e —
Combination of Sound Levels Rallrosds - Diesel Engines
. Number of

- Table 5  Nighttime (applies to ail sources) The number of angines divided by 2.
Sound Level Larger Level Fraction Table§ A
0 30 ol ADT Factor gy S Speed
1 25 o 0.43 Spead
3 18 0.02 0.50
4 15 0.05 082 10 3.00
8 Ly 0.10 0.61 2 )
- 1.0 0.15 1.00 b 1.00
8 g‘g 0.20 1.19 80 g.g
9 0.5 0.25 1.38 o .

0.30 1.57 0.50
- o 0.35 178 70 043

0.40 1.96
8 o1 045 215 mﬂ"ﬂ: s
greater than 16 0. 0.50 234 Muttiply number of trama
Alreraft Medium Trucks Raliroads - Cars and Rapid Transit
Table2 P e By mﬂuﬂww train divided by 50
Table2 DNL Outside 85 d8 Contour 10,000 pounds) P by 50.
D = distance from 65 d8 contour 1o fight path Muttiply adjusted automobile traffic by 10. m—— -
D2 = distance from site Io Might path Table 10 Average Train Speed
D2 DHL A Spead
o d8 Heavy Trucks I;;lilwsnﬂd w
1.0 65 ’ v 10 011
1.12 84 Table® Road Gradient 20 -
126 63 Percent of E :%
:f;; Gradient 50 278
1.78 80 Factor 80 400
200 = 3 14 o 1
ﬁ: g 4 20 Eﬂ §.00
B 5 5 22 1 1N
e ™ & o mors 25 i

— : Muitiply number of trains by 4

Table 7  Aversge Speed Whisties or Horns
Automobile Traffic Traffic Truck Spaad Muttiply number of trains by 100
Teble3d Siop-and-go ~ (mph) Factor
mmm Automobile 50 or loss ?ﬂ
feat Adjustmant Facior E H;

o 0.10 !
100 0.25 — -
4 e Table8 Stop-and-go
; Hoavy Truck Heavy Truck

% EE Traffic Volume Stop-and-Go
800 1.00 per Day Adjustment Factor

Loss than 1200 18

1201 1o 2400 20
- — 2401 o 4800 23
Table 4 Average Traffic Spsed 4801 10 9600 28

9601 10 19,200 38
% Adprstment Factor Mors than 19,200 45
20 (mph) 013
25 0
30 Q.30
a5 0.40
40 053
45 0.67
50 083
55 1.00
60 1.18
65 1.40
70 V.62
18



10

50 T T e T T T N R TR I.Pm
: Snmm i = HH H o siammmmm b
: St | EEEsh R =
w m . ] “ : T IS iEaEnnE
. ST2E : iiiigsesssass HEE e e m
a P - TIrT m i W -
i S RS R SR i HH iEE i s REEE 1
ol RO S H ﬂ s
T IR T . b O EHEH
Hinth UM ! T I [ "7 [
: : 2 11 ERREN ] “ ' I T L S
] Slin ! ! i - i
s min = ! . = o
i b= 1 . _._. . ' w“raua L bt —
1 3 - ! et s
as 1 } TE S=rrrri
' I ™ 'Y T | ] e m
Y 1 L Q
k : _“n s ¥ A - rlm
§ - o i ; isamms
v bl -
- i 5 = s - ER I fE bt .
o SESfnsE Rias i tan st S ARSI GRS SRR 2 iESREEE
~ = i v H 1 -
- u.r R x o m
Z 1 ix = .._thJ -
” = 11 B I ; = . ST
. . e . e ko
e . i 1
HHH I LSS S instHjea: Uime SERNA R S R
0B L T i T s ; i ol Tt { =
HIsIsEEE IOl e e m s ; . ™ i g : — 1
[EE RS DR | L1 TAEES A 1 i g e - R by
o i e o ] R mE 3 .. 1 ' > g
[SSE1 SRRES i e M o beged 3 S > " " B s ] ™ _—
- Mlﬁ B§ = | gty 1WW. T Wi S 2
1 H ER2 il T L e FEr LTSRN ]
i222 ,t_wu. = Eass + : e >
by iEE T RIS S IIEISE IS I E e Thae Tha TRQ R
uidi ekl i i [l o 0 A R it i 4 S
. P = - . - .
i i 1 e R RS i 18 oy M BT
el gl oot i) R e i RO RE i e . = Py > H
i _ 1 IFE == ifsE IS =3 : . + - =
Ht O iR EEEE H:iTh ho
1 HEF O e i : iy L iRy R .
N L I RS R 2} n -
1 R ¥ AESEItIL S i ." ..-}.._ o g . s Lo |
et Im. | —RIARE Ii * ....m - = FW_.IP : _JJJ.. i
116 AR 00 L YRR 5458 58 U8 11 14 SISO
TFTEE L L HAH T e il T UL T ™ : ;
H Hw -.m_. e / _ sl od i Badibels 1."!. k- i .fff
x TEREE Il e i ’ ¥ ¥ B e A b v
ARREL BRI 1RA] TN FRREE FEE L 111144 - - .//
.itt*..w. @WEE 11 13 48 BE 111 158 Soh

-y

(4H

e

00, 000 }

1

g ¢

-+

Z / Bej9jye ) ewnjop ejjqowoiny Ajjeq ebeieAy

Effective Distance (ft)

18

67



2000

75

1000

DNL

400 400

i
Vil ¥l
200
Effective Distance (ft)

100

40 &0

100, 000 ¢

Workchart 2
Heavy Trucks (55 mph)

—
T
<
o™
Sy
il

oA) ewnjop ¥onuL AaeeH Ajeq ebeieay

20

i TN T : iiiiiaas
o ==E2 bl i SR
L
: ”
= ban H - T -
t ] =t T T
32 CRstl s Sao T 8 L N e R S e AR i 3 ..ﬂ : .e S==s
e—— s
£ - ¢ e o . Lb HHBI I Ens
H it o 2 m i o« T e
. &u- i | ,m 1 L "N + 4
= - - t H -
: 1 1 ! IR T
1 } . i INEN N
i _ H sl ] T T
- - 1 ! O VT BET AN N
s : B ] 5 W = PRUSCI e O e
b b :! b - = L | i c 11 1 Ll
» * . aa H - . Fadddos
& T !
. SRR NN i e E i e
o W ) s amEd e L !
1 ! . 1 1 1 1
FcH i i - -
H B =1 = - == a1 = -
. - . = T 1- 1 -
: I % . > ol - : um | =
m 1 -
t T ﬂﬂ.. . 00} - = 5 L - =
111 1 1 1 - 1 1]
T T L Mo ¥ EL ] n
; fp 8328 N SEE & Sig; seaon e Ha B EE]
a o - - b
b8 5. 1352, 122, Sl . B tha She S
~ s, Tk
' e : T ¥ . =, = .
a2 N W
1 L -
L i
1 R - g 1...—..! i 5 4-{_
I 1 - 3 i Tl ] b1
T 114 1 e T I
- - - e -
1 i . H
n @ ThsEEa R s 338 it i et ! e TR
et T . phs 1 I TS 1 "
- - 7
t Qo 1 $ ' s <t d
Q - iIzo=m—=: BE == -
PEiZEES : N =
+ e : TESIIE: et $3y 7
- o sz==-cos e e e
# - ﬂ.i N m.r - .- 5 - . I.i. ™ L .#.‘.L bt »
# E == o . = 1 T
4 o 2 - p
= I ! - M I
, i 11 - EER T ._F.ﬂ:ﬂ NI .,H.___JT_...}
i D FER T I EsE=E i 62 6 52 HR
+ L E et = .
T H SEEER BN Bl E EREEE = iaR H ] ; =
Herr L z e EEEEa 1212 1 T T TN Lol e
- i =Fn w 4 = R . IE:
: } e ¥ | i -"_.T. H._" T o g 1
1 - ” o - - . - ﬂb._-.r e H v 1T e T b § ]
4 : S ERRE a8 ditiieis [eese SRS Y
» | |8 J_LL Ll Y. m. N T e - s i 3
W!.. i MULIELL T E Irr:l H i L1l i | N ) i =l b= LR it
T e b 41111044 FAE B0 @S 11 o 54 B 180 i e i N
I W R ARERE T it 1 LRI i 1gsayaEm ] Lil }
] T 10EN1 SARRE S0 TR LANNEN aa [ VL1 AN O " ]
g g g 8
- ™~ —_—
- - - = - -



21

10,000

4000 6000

2000

1000

Effective Distance (ft)

400 600

200

Railroads - Diesel Locomotives

Workchart 3

v - - e ' e s -t i . Y o .
2 e _ T S i e FEE S
NEEN 1 NI AN 1 . T T - 5
4 ! r I
- : e :
8 | Il T t Hi " T it [ !
= SZSEESEisIiiIsIIs =3 ¥ HHH H i e r - FEFrFEEe t EEEEsEs== i
H bl.vl |I- - |.u| - - -] |ml||. 1+ EHE = 5 ; S L my Ein h.
1!ﬂ|1 . .. 1 5 1 Hr1t+
Mt F = i R S 1 4 R g
o : ; _
i .- t Amma 1 = T 4
O = x Mg 1 . -+ b _H 1 HHH % - % .__l
H L L HT S A L ATRN BREAK AN ..rr.., I
H E =5 S Es s T FEFEFT = EEEgE s IIETIREE A i=
A Eeh TR e R iiamass ; e @ % Sl ifisspeaayas : L: St 3EEEEm
e = -t B I FEEE e PR RO H o 'd g
[] - i R 3 0 T TreeT T ey T gl o
- . b — I (TN NS R A .J.Iﬂ.lmu-- PR S N £ g W TEEE i -
K ! i T . FEEEF F i R - LR Pedifers =1
N SRS HH B HEE S et FrET P RERT TR sijisdes F
T P = Wi . 4 T A [ B o 1 M 1 A i (T LT T
N e AR S ks e :...ﬁ-.,.. ; r..+L.:p. LEE e T e
" LT Ehl | o L s 8 . FRENANEMRE i) ] bl 1 [} HSE B AR L LtH &}
NPT PR TR PN P i LA B it @ _ 1 MR BRS¢ A TRAT RREH R 8
B ST RSN .f.“w,.;_ﬁ._.__._ 11001 169 1E AR Q4 § I EREALE (1140 L0 KA AN
H R _ By b O 1a0g BN e OO =210 0T Hﬁtpul._.rbt.-r.?r_r.__. L]
- b [T M .f.....-r?..r_ §Yiks “BBE ¥ | B B | C i 0 iy RS AFRORAE I _
s : ey | » g ] - TRy - Fri ._.,.,ﬁuL PR e e e e ]
4 2 NGNS B et e S A s 73 B S 1 S0 Saand i i SRR A S
- S - . e e -
i . _ o A N T P LTt Lh.-._- ol H RZ1ATERR ERME R R
* = - ' ¥ 1 T T
. . P Lo - i, - - e ..1.?.. n ¥ = . . - b= + - _..._ fmsr 4
£ BT =5 _ aruHrInsux i R .#ﬁa == 553 g i _ T E
= ES8S IR TRE, SRe NE N SSiomme nia S oRa L mEatel 1258 5a B8 (el I EIINEENSE
EEsuTE §uREs e LB S183 SESS IS S0y ISSEEEEE RIS
wy L by 1 &t J.J....Ju.ﬂ.__u B M o o b +1 . = 4 = St M
P~ “h S P . 1] B ¥ - i . s R s ta Bis. 73 th.,.r“. A 4__. G 0 el A 1
_ s TR N N e T T e TR NG R TR N N R P PR P T i o Sl
N s = i ' TRy - b ™ .J..r LJrI.TrW._JI..meﬂ... ._.._.
1 . = e s e ELTESECSEELE st ~ 1 e ] b ot 4 2! ..n....lu|1.|W||
O + NN TN R 52 ba SRR EEEEY : : B o W I T 18 Rl
PR = - . —— N & SN & | - ] [+ |- H | B
FE - 2=Si o ....P P T . _....,r.#_ Tamm
1 e i T e I i
T ! .8 u ..T?ﬂ ~ b .l# Iy £
T 0 . ceais “2i1a 9N E. WES S ﬁ: _ .J_.....“.,w 0 P O
r a SR MR AN, ViE . Y WA W 0 T
r @ _ A N R R o R EEE—-
St SRS e e MRS R RSS! S
i S bl | 1 o F .
r Qb _ N Ny TR TS T IS TS R RS PPt -H
L Q. B s . LA PN Y SH R L1
- O - s S f T T T = o >4
1 T . ) T ¥ 1
I . ol bR i G 5 6
i O _ s 1 5350 PR N W, .
- © | S R S SN S
E 4 I LYY ™ I 1T <. .Fna_.(_ W
SRS .uun._, EZ ..A_,.l....q. . i 32 - WFT B3 .....um...umur- =3 s
Tt T ERFEEEE ki 133 WasTER e sy RE RN b
2 N I 28 232993 WN 5 100N B I [ :

1000

800
600

3

o
o0

3

L=
ey

=
o

o

—_—

o <0

w.._n._wu._nno jo 1equnpN Ajjeq ebeloAy

60 80 100

40



55

70

Workchart 4
Rallroads - Cars and Rapid Transit
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Workchart 5 Enter the values for:

Noise Barrier
To find R, D and h from Site Elevations = A=
and Distances
S= O=__
Fill out the following workshest
(all guantities are in feat): O=
1. Elevation of barrier top minus elevation of source [H ] - [a ] — [1 ]
2. Elevation of observer minus elevation of source [0 ] — [5 ] - [2 ]
3. Map distance betwaen source and cbserver (R* + D7) [3 l
4. Map distance between barrier and source (R') [4 ]
5. Line 2 divided by line 3 [2 ] + [3 ] p— [E ]
6. Square the quantity on line 5 {L.e., multiply it by itself); [5 I X [5 ] = [a ]
always positive
7. 40% of lina & [ 04 ] ® [s ] - I:r ]
8. One minus line 7 [ 1.0 1-10 ]=[* ]
9. Line 5 times line 4 (will be negative if line 2 is negative) d ] x [ ]1=[* ]
10. Line 1 minus line 9 [ ]1-1[° ]1=1[" ]
11. Line 10 times line B [ll-‘r ] x [l ] - [11 1 =n
12. Line 5 times line 10 [& ] % [m ] s [1: ]
13. Line 4 divided by line 8 [-l } - [l ] = [m ]
14. Line 13 plus line 12 [13 ] 4 [12 1 — Iu ] = n
15. Ling 3 minus line 4 [3 ] - [4 ] = [15 ]
16. Line 15 divided by line 8 ['® ]+ [® 1= [* ]
17. Line 16 minus line 12 [1& ] e [12 ] e [1? ] =p
[Note: the value on line 2 may be negative, in lings 10, 14, and 17, thal adding a negative num-  Round off A and D 1 nearest integer. h 1o one
which case 50 will he valuss on lines 5.0, and 12.  ber is the same as sublracting: decimal placs
line 1 may also be negative. Remember, then. in ® 4y} =x-y. And sublracting a negative number is
ik adding: x-{-yl=xey.
23
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Workchart 7

FS

(dB)
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T |
18 BARRIER S = 20 dB
. | ||
i BARRIER 15
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ANGLE, a, SUBTENDED BY BARRIER AT
OBSERVER'S LOCATION

Correction to be applied to barmer potential in order to find the actual
performance ol the barrier of the same construction but of finite
length,
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Worksheet A
Site Evaluation

Site Location

City, State

1. Roadway Noisa

2. Aircralt Noise — —

3. Railway Noise ——

Valus of DNL for sl noisa sources: (see page 3 for
combination procedurs)

Predicted for
Operstions In Year

Final Site Evaluation (circle ona)

Acceplable
MNormally Unacceplable

Signature

Clip this worksheet 10 the fop of a package
containing Worksheets B-E and Workcharts 1-7
that are usad In the site evaluations
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Worksheet B
Alrcraft Noise

Moise Assessment Gukdelines

List all airports within 15 miles ol the site:

1.

2

3

Mecessary information: Adrport 1 Alrport 2

1. Are DNL, NEF or CNR contours available T

{yes/no)
2. Any supersonic aircraft operations?

(yes/no)
3. Estimating approxima‘e contours from Figure 3.

a. number of nighftime jet operations

b, fumbe: of daytime jat operations

¢. effective number of operations
(10times a + b)

d. distance A for 65 dB

B

¢. distance B for 65 dB

7048

75 dB

4. Estimating DNL from Table 2

A distance from 65 dB contour &

fight path, D'

b. destance rom NAL io flight
path, D2
¢. D divided by D'

d. DML

5. Operations projected for what year?

€. Total DNL from all arports




Worksheet C
Roadway Noise

List all major roads within 1000 feet of the ite:

1.

2

a

4,

Necessary information
1. Distance in feet from the NAL 1o
the edge of the road
a. nearest lane
b tarthest ane
¢ average (eflactive distance)
2. Distance to stop sign
4. Aoad gradient in parcent
4. Average speed in mph
& Automobles
b, heavy tracks - uphil
¢. haavy trucks - downhill
5. 24 hour average number of automobiles
and medium trucks in both directions (ADT)
a automoblies
b. madium trucks
¢ offective ADT (a + (10xb))
8. 24 hour average numbser of hoavy trucks
a, uphill

b. downhill

c. total

7. Fraction of nighttime traffic (10 p.m. 1o Ta.m.)

8. Traffic projectad for what year?

Rosd 1

Road 2

Aoad 3

Aoad 4




Worksheet C Page 2 Noise Asssssment Guidelines
Roadway Noise
Adjustments for Automobile Traffic
) 10 1 12 13 14 15 16
A Night- Auto
Time ADT DML Barriar Partial
Table 3 Table 4 Table 5 (lina 5c) Aulo ADT {Workchart 1) Aftenuation DNL
Road No. 1 X X X = - =
Road No. 2 X X x = - =
Road No. 3 X X X = - =
Road No. 4 X X X - - =
Adjustments for Heavy Truck Traffic
17 15 :lf_:ﬁ 20 21 glp Eg-u— 24 gjm 26 27
Adjusted
Gradient AB_'[ and-go Tima Truck (Work- Barriar Partial
Table©& Table7 Table 8 Table 5 ADT chan 2) Attn DHL
Uiphil N X
No. 1 Add X =
Downhill X
Uphill X x
Road MNo. 2 Add X =
Dowmhill X
Uphill X X
No. 3 Add X =
Downhill X
X X
MNo. 4 Add X =
Downhill X
Combined Automobille & Heavy Truck DNL
Total DML for
RoadMNo.1 _____ PAoadNe.2 __ PRoadNo.d____  RoadNo.4 Al Roads
Signatura Date

7



Worksheet D Page 1
Rallway Noise

Hoise Assessment Guidelines

—

List All Railways within 3000 feet of the sile:

1.

-3 .

i

Wecessary information: Railway MNo. 1  Aallway No. 2  Rallwey No. 3

1, Distance in feet from the NAL to the railway (rack:

2. Mumber of trains in 24 hours:

a desel -

b. slectrified -

3. Fraction of operations oocuring at night
(10pm. - Tam)

A Number ol desal locomobives per irain

5 Number ol rail cars per rain

2 eesel rains

b. elecirified trains —

6. Average train spead: =

7. ls track weldad or bolted 7 — S —————

8. Are whisties or homs requined e
for grade crossings 7




Raliway Noise
Adjustments for Diesal Locomotives
-] 10 n 12 13 14 15 16
No.of Nght- Moot
s Horma Bime Traina Mo, DML Barriar
2 Table & {onder 10)  Tabke S (lne 2a) of Workchart 3 Ain.
Raitway No. 1 X x X x - _
Raitway No. 2 X x X X - .
Raitway Mo. 3 X X X x - _

Adjustments for Raltway Cars or Rapid Tranal Trains

18 19 20 3| ﬁ.d gl' 25
of cars w Flas ﬁ" Traing (Line  Adj. No. Work- Barrior
50 Table 10  (endord)  Table5 2aor ) olOpns  chatd Astny

Railway No. 1 X X X X = -
Railway No. 2 X x X X = -
Raitway No. 3 x x X x = -
Combined Locomeotive and Raltway Car DNL
RallwayNo.1 _______ FaiwayNo.2 ____ FRaiweyMNo.3 Totsl DML for all Raiways
Signature Datn__




Chapter 6

A Workbook for the Noise
Assessment Guidelines

Introduction

The following problems were
prepared to give you the opportunity
to practice the calculations and
procedures described in the Noise
Assessment Guidelines. Because it
Is so0 rarely used, we have not
included any problems dealing with
the aircraft nolse procedure.

We have not reproduced the
charts or tables from the Guidelines
s0 you will need to have it at hand to
do the problems.

Noise Assessment Guidelines Workbook

Problems
Problems 1 Through 7: Combining Sound Levsls in Decibsls

Calculate the Combined Sound Level for the Following Sets of Individual Levels:

1. 67 LON 2, B3 LDN
61 LDN B3 LDN
Combined Combined
Level Leved
4. 62 LDN 5. 67 LDN
65 LDN T2 LDN
_ Combined Combined
Level Level
7. 73 LDN
72 LDN
61 LDN
67 LDN
Combined
Leval

Problems & and & Calculating Effective Distance
Calculate the Effective Distances for the Fallowing Roads:

8. Distance in Feel from MAL to:
Near Edge of Nearest Lana
Far Edge of Farthest Lane
Effective Distance

8. Distance in Feat from MAL to:
MNear Edge of Nearest Lane
Far Edge of Farthest Lane
Effactive Distanca

Problems 10 Through 15: Adjustment Faclors

3. 51 LDN

=35

60 Feat
B4 Feat

List The Adjustment Factors Necessary for Each of the Following Situations and the

Numerical Value for Each Adjustment Factor,

10. A Roadway Where the Road Gradient Is 1%, tha Average Spead for Both Autos and

Trucks is 30 MPH and the Fraction of Nighttime Traffic Is 10%.

Adjustment Factors Neaded:

Value of Adjustment Factors:

11. A Roadway Whare There Is A Stop Sign 400 Feet from the NAL.
the Average Speed for Autos Is 45 MPH (Thers Are Mo Trucks)

Nighttime Traffic Is 15%.

Adjustment Factors Neadad:

Value of Adjustment Factors:

81



12. A Roadway Where the Road Gradient Is 2%, the Average Speed for Autos Is 50 MPH

13

14,

15.

and for Trucks (Both Uphill and Downhill) Is 50 MPH and the Fraction of Nighttime
Traffic Is 10%.

Adjustment Factors Needed:

Valua of Adjustment Factors:

A Railroad Where the Fraction of Operations Occurring at MNight Is 30%, the Average
Train Spead Is 40 MPH, the Track Is Bolted and Thera Are Mo Whistle Or Homs
Required for Grade Crossings.

Adjustment Factors Needed:

Value of Adjustment Factors:

A Railroad Where the Fraction of Operations Occurring at Night Is 5%, the A
Train Speed Is 10 MPH, the Tracks Are Welded and There Are No Whisties Or Homs
Required for Grade Crossing.

Adjustment Factors Neaded:

Value of Adjustmant Factors:

A Raliroad Where the Fraction of Operationa Occurting at Night Is 20%, the Average
Train Speed 1s 30 MPH, the Track s Bolted and No Whisties or Horns Are Requirad
for Grade Crossings.

Adjustment Factors Needed:

Value of Adjustment Factors:




Problems 16 Through 21: Some Basic Problems
Calculate the Gombined Nolse Levels for Each of the Following Situations:

16. A Aoadway Where the distance in Feet from the NAL to the Near Edge of the Neares!

17.

Lane |5 310 Feet, the Distance to the Far Edge of the Farthest Lane s 358 Feet.
There s A Stop Sign 400 Feet from the NAL The Gradiant Is 1%. The Average
Number of Automobiles Is 17,000, the 24 Hour Average Number of Medium Trucks Is
1,500, the 24 Hour Average Mumber of Heavy Trucks Is 400 Total. The Fraction of
Nighttime Traffic Is 20%.

The Combinad Molsa Level for This Roadway Is

A Site Exposed to Noise from Two Roads. For Roadway Number 1 the Distance in
Feet from the NAL to the Near Edge of the Nearest Lane s 125 Feet, tha Distance to
the Far Edge of the Farthest Lane Is 233 Feel. There Is A Stop Sign 250 Feel from
:mpﬂmmmbmthﬂ%.ThaAmSpudian«hﬁmunMTnmimlnaﬂ

The 24 Hour Average Number of Autos ls 22,000, the 24 Hour Average Number of
Medium Trucks Is 2,000. The 24 Hour Average Mumber of Heavy Trucks Is 850 Total.
The Fraction of Nighttime Traffic Is 10%.

For Roadway Mumber 2, tha Distance 10 the Near Edge of the Nearest Lane Is 45
Fest, the Distance to the Far Edge of the Farthest Lane Is 93 A St

14,000, for Medium Trucks 700, and for Heawy Trucks 800 Total. The Fraction of
Nighttime Tratfic Is 20%.

The Combined Nolse Level for This Site is

18. A Site Exposed to Moisae from Two Rallroads, For Raliroad 1, the Distance in Feat

19,

from the NAL to the Rallway Track Is 150 Feat. There Are 35 Diesel Trains Every 24
Hours, Mo Electrified Trains. The Fraction of Operations Occurng at Night Is 25%.
Thare Are 3 Diessl Locomatives Per Train and 70 Cars Per Train. The Average Spaed
s 30 MPH and the Track ls Bolted. No Whistles Or Horns Ara Usad.

For Hallroad 2, the Distance in Feet from the NAL to the Rallway Track Is 310 Feal
There Are 20 Diesel and 2 Electrified Trains Each 24 Hours. The Fraction of

Occurring at Night Is 15%. There Are 2 Locomotives Per Diesel Train and
45 Cars for Each Diesel Train and 15 Cars Per Electrified Train. The Average Train
Speed Is 40 MPH and the Track Is Boited. No Homs Or Whistles Are Used.

The Combinad Nolse Level for This Site Is

A Site Exposed to Moise from Two Railroads. For Raiiroad 1, the Distance in Feat
from the NAL to the Rallway Track Is 75 Feel. There Are 34 Diesel Trains Every 24
Hours, No Electrified Trains. Twenty Percent of the Operations Occur ai Nighl. Thera
Are 5 Locomotives Per Train and 75 Cars Per Train. The Average Train Speed Is 35
MPH and the Track |s Weided. No Horns Or Whistles.

For Rallway 2, the Distance In Feet from the NAL to the Rallway Track Is 120 Feet.
There Are 12 Diesal Tralns in 24 Hours, No Electrified Trains. Twenty-Five Parcent of
the Operations Occur at Night. There Are 4 Locomotives Per Traln and 40 Cars Per
Train, The Average Train Speed Is 20 MPH and the Track Is Boited. No Horns Or
Whisties Are Uised.

The Combined Nolse Level for This Site s

. A Site Exposed to Noise from Three Roads. For Road 1, the Distance in Fest from

the NAL to the Near Edge of the Nearest Lane Is 100 Feet, to the Far Edge of the

Farthest Lane, 208 Feet. There Is No Stop 5 3
Speed for Autos Is 55 MPH. Are No Trucks Allowed On This Road,) The 24
Hour Average Number of Autos Is 40,000, The Fraction of Nighttime Traffic Is 15%.

g
a
:
£
2
:
:
:

For Road 2, tha Distance from the NAL to the
Feet, to the Far Edge of the Farthest Lane 75
from the NAL and the Road Gradient Is 4%. The average Speed for
Trucks Is 40 MPH. The 24 Hour Average Number of Autos Is 15,000, for Madium
TWWHMMTWWTW.WMMHNWTMBG

For Foad 3, the Distance from the NAL to tha Mear Edge of the Nearest Lane
Feet, to the Far Edge of the Farthest Lana 82 Faal. There Is A Stop Sign 400
from the NAL and the Gradient Is 1%. The Average Speed for Bath

Is 25 MPH. The 24 Hour Average Number of Autos Is 5,000, for Medium Trucks 1,050
and for Heavy Trucks 175 Total. The Fraction of Nighttime Traffic ts 20%.

The Combined Noise Level for This Site Is
Ba




21. A Site Exposed to Nolse from A Railroad. The Distance from tha NAL fo the Railroad

s 110 . There Are 30 Diesel Trains Every 24 Hours, No Elacirified Trains. Twenty
Percent of the Operations Occur at Night. There Are 3 Locomotives Per Train and 50
Cars Per Train. The Average Traln Speed Is 30 MPH, the Track Is Bolted and There Is

A Grade Crossing Where Homs and Whisties Are Usaed 100 Feet from the NAL

2§

The Combined Molse Leval at This Site Is

Problems 22 Through 24: Barrlers - identifying the Values for H, R, R', D and D'
Identity the Values for H, R, R", D and D' for Each ol the Following Barrlers:

2

Highest Point of Hill

H= A= R'= D= andD' =
Barrier 40" 10’ 170’ a0’ bl
Highast Point of Hill 30° 150" B’ 50’
wr
24,
r B' L}
61 [_ 52 ——
=l =] |
: 11 1l ;
1 I |
L o' i 50* |
H= R= , R’ . B= and D'




Problems 25 Through 27: Barrier Calculstions Using Workcharts § and 7.
Using Workcharts 6 and 7 Only, Calculale the Noise Attenuation Provided by the
Barriers lilustrated in Problems 22 Through 24. Additional Data on the Angles
Subtendad by the Ends of the Barriers and the NAL for Each Location Is Provided.

25, Calculate the Nolse Attenuation Provided by the Barrier Described in Problem 22. The
Angle Subtended by the Ends of the Barrier and the NAL is 150 Degrees,

The Noise Attenuation Provided is Dacibels.

2. Caiculate the Noise Attenuation Provided by the Barrier Described in Problem 23. The
Angle Subtandad by the Ends of the Barrier and the NAL Is B0 Degrees.

Tha Noiss Attenuation Provided s Decibets.

27. Calculate the Noise Attenuation Provided by the Bamier Described in Probiem 24. The
Angle Subtended by the Ends of the Barrier and the NAL Is 130 Degrees.

The Nolse Attenuation Provided Is Decibels.
Probloms 28 Through 30: Barrier Calculations Using Workcharts 5,8 and 7

Calculate the Attenuation Provided By the Barriers in the Following Situations. Usa
Workcharts 5, Band 7.

28. A Two Story Buiiding is Exposed to Noise Levels ol 68
Barrier ks 15 Feet High and |s Located 40 Feet from the Source and 20 Fesl from
the Building. The Source, Barrier, and Bullding Are All On Level Ground. The Angle
Sublended by the Ends ol the Barmier and the Noise Assessment Location Is 110
Degroes.

Tha Nolse Attenuation Provided by This Barrler is Decibels.

Is This Sufficient?

29. A Three Story Building Is Exposed to A Noise Level of 72 LDN from Diesel
Locomotives and 60 from Raillroad Cars. Feel Is
Located 40 Feet from the Source and BS Feel from the Building. The Barrier and
tha Bullding Are on the Same Level, But the Track is Depressed 25 Feel. The Angle
Subtended by the Ends Of the Barrier and the NAL Is 120 Dagrees,

The Noise Attenuation Provided by This Barrier Is Decibeis.
Is This Sufficient?

30, A Three Story Building ls Exposed to Noise Levels of 67 LDN from Automobiles
and 71 LDN from Trucks. The Barrier Is 16 Feet High and Is Located 38 Feel from
the Source and 56 Feet from tha Bullding, The Source, the Barrier and tha Bullding
Ara All At the Same Level. The Angle Sublended by the Barrier Ends and the NAL Is
130 Degreas.

The Noise Altenuation Provided by This Barrier is Decibeis.

Is This Sutficient?




Noise Assessment Guidelines Workbook
Answers

Problem

1. 68 LDN (67-61=86, Add 1dB (From Table) to 67 =68 LDN)

2 B6 LDN B3-63=0, 3dB (From Tabile) to 63 =66 LDN)

3. 69 LDN (89-51 =0, Add OdB to 69 =69 LDN)

4. 67 LDN (85-62 =3, Add 1.8dB to 65, Round Off to Nearest Whole Mumber,
66.8 =67 LDN)

5. 73 LDN (72-85=5, Add 12=T732=73 LDN)

6. 72 LDN (B3-50=4, Add 15=845, 71-645=65

Interpolate From Table: 6=10,7=8
65=9)T1+8=718=72 LDN)

7. 76 LDN (67-61=86, Add 1.0=68, 72-88=4, Add 1.5=T735,
73.5-T3= 5, Interpolate From Table,
Add 2.75=T6.25=T6 LDN}

B. 40 Feet (76+ 22 =98 -2=49)
9. 72 Feat B4+ B0=144-2=72)

10. Adjustment Factors Needed: Speed and Might-Time Percentage

Value of Factors: Speed = Autos .30
Trucks 81
Mighttime
Percentage .81

Note—You Must Have Differant Spaed Adjustments for Autos and Trucks.

11. Adjustmant Factors Needed: Speed and Stop and Go Traffic
Value of Factors: Speed 67
Stop and Go .70

12, Adjustment Factors Needed: Gradiant, Speed and Nighttime Percentage

Value of Factors: Gradient 1.4
Spead = Autos 30
Trucks B1
Nighttime
Percentage .81

13. Adjustmeni Factors Needed: Nighttime Percentage, Speed, Bolted Track
Value of Factors: Nighttime
Percentage 1.57
Spead = Engines .75
Cars 1.78
Bolted Track 4
MNote—You Must Have Different Speed Ad|ustments for Engines and Cars,
14. Adjustment Factors Meeded: Mighttime Percentage and Speed
Value of Factors: Nighttime
Percentage .62
Speed = Engines 2.0
Cars .1
15. Adjustment Faclors Needed: Mighttime Parcentage and Bolted Track
Value of Factors: Nighttime

Percentage 1.19
Bolted Track 4



18. Combined Noise Lavel =62 LON (If Your Answer Is Plus or Minus 1dB Its OK -
Betwean Rounding Off end the Large Scale on the Nomographs, That's Close

Enough)
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17. Combined Nolse Level = 74 LDN (+ OR -1 dB}
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18. Combined Noise Level=T1 LDN

Note—in Order to Complete Column 18 for Railway #2 You Must Find the Avarage
Number of Cars Per Train. Multiply the Number of Diesel Trains Times the Number
of Cars Per Train {20 x 45=900). Multiply the Number of Electrified Trains Times
tha Number of Cars Per Train (2 x 15=230). Add the Two Totals Together and
By the Total Number of Trains (900 4+ 30=030-22=42)
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20. Combined Noiss Level = 75 LDN
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21. Combined Nolse Level =81 LDN

To Solve This Problem You Must Add Some More Lines to the Workchart for
Engines Bacausa the Workchart as Set up Does Not Go High Encugh. There Are A
Variety of Ways to Do This But One of the Easiest Is to Taka A Plece of Blank
Paper (A 3 x 5 Card Does Very Well) Place the Edge of the
Top Or Bottom Edge of the Workchart and Mark Whera the LDN Lines Fall Along
tha Edge of the Blank Paper. Then Once You Have Drawn Your Distance and
Opaerations Lines on the Work Chart, You Take Your Paper with the Line Markings
and Lay It along the Line for Adjusted Oparations with the Mark Farthest to the
Right Lined up with the 75 LON Line. Now Just Count over until You Reach the
Intersection of the Operations and Distance Lines.
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22. H=10 Feet, R=40 Feal, A' = 30 Fest, D = 170 Feet, 0’ = 150 Feet

23, H=8 Feat, R=90 Feel, A’ = 70 Feal, D = 40 Feel, D' = 50 Feet

0 : }
Highest Point of Hil /H
e 0 =)
/

—_——— e ——

Note—The Line of Sight Line Starts Above the FRoad Level Bacause of the Trucks.
24, H=8 Feel, R=52 Feal, A' = 50 Feal, D= 61 Feet, D' =60 Feat

A I
B




25. The Noise Attenuation Provided Is 7 Decibels
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26. Tha Nolse Attenuation Provided s 3 Decibels

Note—Whan the Curves ARe So Close Togeiher Don't Worry About Extrapolating.
In This Case You Couidnt Amyway, the 15 dB and 10 dB Curves Have Merped.
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27. Tha Nolse Attenuation Provided ls 8 Decibats (5.5 Rounded Up)
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28, The Noise Attenuation Provided by This Barrier s 4 dB. This Is Sufficient

Note—Don't Forgel That the Height of the observor I 5' Lass Than the Total
Height of the Bullding and the Height of the Building Is 10 Feet Times the Number
of Stories. And Did You Remember to Make the Adjustment for Ground Attenuation
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28. The Moise Attenuation Provided by This Barrier |s Approximately 5 dB for Both the
Engines and the Rallroad Cars,

This s Not Sufficient.

Mote—You Were Supposed to Calculate Attenuation for Diesel Engines and Cars
Separately Because the Source Heights Are Diffarent. The Value of S for the

Engines Should Have Been — 10 and the Value of S for the Railroad Cars Should
Have Been — 25.
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30. The Noise Attenuation Provided by This Barrier |s 3 dB for Trucks and 5 dB for
Autos. The Gombined Level Resulting Is 69 LDN.

This Is Not Sutficient

Neote—You Must Calculate the Barrler Effect Separately for Autos and Trucks
Because the Source Height is Differant. Then Recombine levels.
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Chapter 7
The Use of Noise
Measurements

Nolse Calculations Are Best For
HUD Use

There are two ways to determine
nolse levels for a site under review:
the nolse can be calculated or it can
be measured. While one's first
reaction might well be that it would
obviously be better to go out and
actually measure the nolse levels at
the site, calculated noise levels are
really much better for implementing
HUD's noise policy.

Calculated nolse levels are
developed using mathematical
models that contain a variety of
assumptions about the process of
noise propagation as well as data on
sound levels generated by typical
sources (i.e. aircraft engines,
automobile tires elc.). The model can
be a complex computer model or it
can be a simple desktop model such
as the procedures in the Noise
Assessment Guidelines. The models
can also employ a variety of noise
descriptors. (See chapter 1 for a
discussion of noise descriptors.)
Most noise studies done for the
Federal Highway Administration, for
example, use either the L, or the

nolsa descriptor. Many aircrafl

se studies use the NEF or CNEL
descriptor, All of these descriptors
are compatible with the Ly, noise
descriptor system that is preferred
by HUD and the HUD noise
regulation contains instructions for
converting all of them into Lgp.
(sections 51.106(a)1) and (2})

Whether produced by a
sophisticated computer model or by
the desktop Noise Assessment
Guidelines, calculated noise levels
ara more uselful for HUD needs than
measured levels for two significant
reasons: The first is that with noisa
measuraments you have no good
way to take into account future
changes in the future noise
environmenl. The houses we help
build today are going to be around
for a long time and i{ is very
important that we determine, to the
extenl we can, the noise
environment that will exist
throughout the life of the buildings.

While there are clasarly limitations on
how far into the future we can
reasonably project traffic levels for
roads, raliroads and airports, we can
al least look 5 to 10 years ahead.
The HUD nolse regulation (24 CFR
51B) requires that “to tho extent
possible, noise exposure shall be
projected io be representative of
conditions that are expected o exist
al a time al least 10 years beyond
the date of the project or action
under review." It |s very easy to
make these projections If you use
the Noise Assessment Guidelines or
a computer model to determine
noise lovels.

The second reason why we prefar
that you calculate noise levels is
that through the calculation process
you can use monthly or yearfy data
to determine traffic levels. Thus you
come up with a more typical picture
of conditions. With noise
measurements there is always the
possibility that the day or even days
chosen for measurements will not be
typical and thal the measurements
may over or undersiate the problem.
Whila the conscientious measurer
will try to acoount for any unusual
conditions, it Isn't always possible.
So long as cost considerations limit
tha number of days that
measurements can be taken there
will always be the problem of

ive data. With
calculations this isn't a problem. The
compuler model that generates
contours for airports, for exampile,
uses an entire years data to develop
the average day. Certainly the results
are more likely to be representative
than the results that would be
derived from just a few days
measuremants.

When Nolse Measurements Are
Useful

While it Is the preferred procedure to
calculate noise levels, there are a
few situations where the noise
maodels might not be accurate and It
might be betler to rely on
measurements. One instance would
be when there is insufficient or
Inadequate traffic data. Another case
might be where you have a unique
physical situation that is not
accounted for in whatever
mathematical modal is available.
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automobiles. Or you may not be able
to get any reliable data on the

percentage of traffic between 10 pm
and 7 am, While the Noise
Assessmen! Guidelines do contain
some assumptions that you can use
when you don't have all the data you
need, thera may be Instances when
you just don't think those
assumptions would accurately
portray the problem.

By the same token, there are
certain physical situations that
mathematical models such as the
Noise Assessment Guidelines
couldn't anticipate and therefore do
not reflect in their formulas. For
example, the Guidelines say that you
don't have 1o calculate the noise
levels for underground transit lines.
Well what if the line is underground
but there are large air vents that reach
from the belowground tunnels to the
surface? A great deal of noise can
reach the surlace through these vents
but the Nolse Assessment Guidelines
don’t have any way to take it into
account. You couldn't treat it as if the
subway line were aboveground
because il isn't really and at least
somae of the noise is blocked. This
would be a case where a noise
measurement would probably be the
best way to determine the noise
levals. By the same token, the
guidelines do not really take into
account the sometimes significant
amounts of reflected noise that can
occur al urban sites surrounded by
tall bulldings, i.e. the canyon effect.

When Not to Use Measurements

One thing nolse measurements
should nol be used for is o confirm or
refute calculated noise levels,
especially computer generated
alreraft contours, Our experience with
both the Noise Assessment
Guldelines and with computer noise
maodels is that both are quite accurate
if done property. If you are convinced
that the calculations were done
correctly, and If you believe that the

they think thal measurements are
inherently more accurate than
calculations. ng measured
noise levels to calculated levels is like

comparing apples and oranges. The



calculated nolse levels should Include
projected traffic levels, the measured
ones will not. The calculated levels
will be based on daily traffic counts
derlved by averaging months of data,
the measured levels will, al best,
refiect just a few days. (This is
particularly true for aircraft nolse
contours. The day-to-day operations
of an airport can vary significantly
depending upon weather conditions
and any one or two days worth of
measurements are very likely to show
differant levels from those generated
by a computer model employing a
year of data to derive an average day.)

If you have determined that noise
measurements are appropriate, you
must make sure that they are done
properly, otherwise the data will be
useless. There are four elements to
proper measuremenis: 1) where tha
measuremeants are taken; 2) when
they are taken; 3) the type of
equipment used; and 4) the actual
measurement procedure.

Where measurements should be
taken: The locations for nolse
measurements should be selected
using the same criteria you would use
to select a Noise Assessmaen
Location for a Noise Assessment
Guidelines calculation. Tha Nofse
Assessment Guidelines recommend
that "assessments of the noise
exposure should be made at
representative locations around the
site where significant noisa is

" Further, the Guidelines
state thal when selecting these
locations you should consider those
buildings containing nolse sensitive
uses which are closest to the
predominant noise sources. Where
quiet outdoor space |s desired at a
slte, you should also select points in
the outdoor area in question.
Specifically, the “relevant
measurement location for bulldings is
a point 2 meters (6.5 feat) from the
facade.” If there are no bulldings yet
the measurement point should be 2
metars from the closes! point setback
requirements would allow a bullding
facade.

When measurements should be
{aken: Because measuremaents are
only going to be taken for a few days
al best, spacial care should be taken
to make sure that the days salected
are representative of average tratfic
levels. For highways, avold both
Monday and Friday, particularly
before or after a holiday. In fact
holiday periods, such as the
Christmas/New Years season, should
be avolded entirely, Highway traffic,
or rather more importantly, truck
traffic is likely to be down during

these periods and nolsa levels may be
significantly lower than normal. On
the other hand, holiday periods are
often peak travel periods for airlines
and measurements taken around
alrports then would show unusually
high noise levels.

Whoever s taking the
measurements should also check to
make sure that there aren't any
special circumstances that might
affect traffic levels. For example road
construction or repalr work might
divert additonal traffic onto the road
being measured, or divert traffic away.
In both cases the noise levels
measured would not be
representative.

And finally, noise measurements
should not be taken during extreme
weather conditions both because of
the possible effects on traffic levels
but also because the weather
conditions can exaggerate the actual
noise levels.

Igeally, nolse measurements
should be taken over several days
spread over al least a few months. Bul
given that time and money will
normally preciude this, at least make
sure the one or two days you can get
are as close o typical as possible.

What equipment to use: There are
many sound level meters on the
markel which are suitable for taking
noise maasurements for
transportation sources. They need
only ta meet the requirements of
American National Standard
Specification for Type 1 Sound Level
Meters: 51.4-1871, Type 1 sound level
meters are “precision” meters and
provide the most accurate
measuremants. They are also, of
course, the most expensive. Fast
time-averaging and A frequency
weighting are to be used. The sound
level meter with the A-weighting is
progressively less sensitive to sound
with frequencies below 1,000 hertz,
somewhat as is the ear. With fast time
averaging the sound level meter
rasponds particularly to recent
sounds almosi as quickly as does the
ear In judging the loudness of a
sound. Fast time averaging has a time
constant of about 1/8 second.

While a sound level measuring
system thal averages decibel
readouts on a short term basis such
as for every minute or every hour is
acceplable, It would be far better if a
system that actually provides a 24
hour integrated Ly, readout wers
used, Such a system aliminates the
need for calculating the Ly, value, an
area where many inexperienced
consultants go astray. These systems
are more expensive however, and the
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consultant who doesn't do much
noise work Is unlikely to have one.

Measurement procedures: Detalled
procedures for making sound level
maasurements are spelled out In the
American National Standards
Institule's Standard Methods ANSI
51.2-1962(R1976) American National
Standard Method for the Physical
Measurement of Sound and ANS|
§1.13-1871(R1976) American National
Standard Methods for the
Maasurement of Sound Pressure
Levels.

Some of the basic procedures that
should be followed are:

1. Measurements should normally be
made over a continuous 24 hour
period. If this is not possible,
measurements may be made overa
period of days but still must cover the
enlire 24 hour period. The selection of
the days becomes even more crifical
#0 that they are as similar as possible.
Sampling is not acceptable.

2. The sound level meter must be
calibrated before each use.

3. The sound level meter should be
provided with a wind screen,

4. Care shouid be taken to Insure that
there are no temporary obstructions,
such as parked trucks, between the
matar and the source.

The Noise Study

The noise study prepared to describe
the measurement resulis should
contain at least the following:

1. A map showing where the
measuraments wera taken

2. Avicinity map showing the site and
the major noise sources

3. Achart indicating the date, the
time, and weather conditions when
measurements were taken al each
measurament location

4. The type of microphone used

5. Any variations from ANSI
procedures

6, The resuits of the measuremeants
in Ly for each measurement location
7. Any unusual conditions that
existed during the measuremant
period—|.e. construction activity,
major traffic tieup, elc.

8. If an integrating sound level meter
was nol used, the calculations used
to derive the Ly, value.
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